Quantitative aspects of an in situ hybridization procedure for detecting mRNAs in cells using 96-well microplates.
The universal quantitation of the DNA hybridization reaction has been a goal sought by many researchers. Part of this search has been the need to develop a rapid, sensitive, easy-to-perform, and quantitative method to measure the abundance of specific mRNAs directly within cells. Conventionally mRNA detection can be done by advanced quantitative in situ hybridization (ISH) using either image analysis or fluorescence in situ hybridization (FISH), or indirectly by extraction of mRNA from cells or tissue and using Northern blot or quantitative polymerase chain reaction (PCR). We examined the quantitative nature of probe binding to intracellular mRNA in a sensitive and easy-to-use nonisotopic method of ISH previously developed in our laboratories. The method is applicable to isolated primary cells or cells in culture. The procedural details are very simple, with cells being centrifuged into 96-well microplates, fixed with formalin, and pretreated with Triton X-100 and Nonidet P-40 before photobiotin-labeled cDNA probes are applied. Biotin from the hybridization of probe to target is detected using multiple applications of streptavidin and biotinylated alkaline phosphatase and visualized by the p-nitrophenyl phosphate conversion method. The quantitative parameters of the ISH procedure were determined by measuring the levels of expression of erythropoietin (EPO) mRNA and its translated protein in transfected COS-7 cells. There is a log-linear relationship between the levels of signal obtained in the ISH reaction in 96-well microplates and the EPO protein levels measured by enzyme-linked immunosorbent assay (ELISA). This demonstrated relationship is important in the standardization and use of these procedures to measure quantitatively mRNAs within cells.